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W% 2003/10/14 



RF-MEMS^- °)-%-& 3*\Q « 0 V«H ^ %o.3., ^n»i| 

QJO. M-iL 2)-^§(nano particle) ^ <3*r* f-frtb -g-^ Htt ^e) ^ 

i^fli €( spin-on force fill) y o v ^A^ t 1 ^* n fl^H S^H-O-S.^ ^ 

technology)^ MEMS 7l# -g-^* ^tr RF-CMOS 4i^># ^ Sit: «K£*I1 ri*}^ 

^ *o V, ?H *1H£4. 

£ 2e 

3^ <a^Ei, RF-MEMS, H-ic ^e] ^^>, i^fli 1 ^ 
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§^ <Q*}: 2003/10/14 



^] 

^•£.^1 4i^>S] <£&&\ «§^j u 0 Vl H{Method of forming an inductor in a semiconductor 
device} 

£ 1(a) tfl*] 5L l(c)fe ^HflS] aVE^l ojt^ ^^} 7 ] <^ ^ 

3 S^ltr ^^.S.. 

£ 2(a) £ 2(e)^ 1^<*f| 4=. «V£^ o]^ ^ ^ o. ^x$z}7] ^ 

^3°-^. £AlfV ^7.}$) 



21 : a>iE^l 7]# 22 : 1 
23 : *fl 1 24 : *fl 2 

25 : 2 
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^£^1 <y^Ei ^ wj-^ofl o_^ ; u}^ 3|-E]#(nano 

particle) ^ ^^>« f-fi-^ -g-^ SE^- oj-g-tr i^^Ii ^(spin-on force 

fill) ^*£SLS. °J<3^# ^*Hr ^rtb 

*fl 7l# ^^H^ 7l# =-iL^<y ^^flS. ^-^>7l 7l^ 7fl^ 7>^ 

s^l-JL ^^^cf. ti];£^7> 20^71^ MrJL £ %*\^ MEMSCMicro 

ElectroMechanical System) ?}^-& 21*\}7] ^g. -f-^] ^ ^^^.^./o)*v «.o>o. «^-g- ^o.^ 
7}<t3, tJi\^-z\jL oicf. MEMS^ ^j-ojas. A]^efl ( D }o| 3S *>°lHS ^}e^a - o. 

5- ^-§-5H , 2^ A)^Eflol4 ^^71 Till- ^C]^, ^ ^_7)/7} 71) ^7># ^S)- 

^ -g-<H5 ^^^cf. MEMS ^-g-s}^r <3^MH^r 7]&2] nflSS (macro )tr 

3^ ^71] ff^MM" ^-*f ^7> ZLcfli5L ^ 7l^o) Aj-Al^. Afls ^. yflUoju} 

€^7> 7>^sr>Cf. 

o]ul ^^1*V ti}<2]- ^-o] 20^171 ofl ^ 7)^v}2] T3)*$2\- ^^^^ ^-o>^l >gJ-^ol o)^o]%x]u} 
*>7ti Sl^Cf. ^]^ V «fl 7l#^]^ ^^(fusion)ol 5)0) A]] 5.^- 7l#-g; E^^A] 7 ] Jl , C^O] 7 ] # 
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nVo} ^-^o] 0^2} JL^t!" flr^M^JSl 7l#^-^^. ^^>7fl S^Cf. o) 

J9L^r MEMS 7l#^l S.^O] ^7}^7) ^K^T^l, , 7) Tfl ^-C> > ZL^Jl ^ 

SJ- ^ > £-0)0} 7i^o] <H^"°1^1 911} ^^91 7l^(Human-Fiiedly Technology)^ .E. 

3- 21M)7) ^<$^9l ^H^tf. o]^^ MEMS* <2^*Rr £-°Kr ^MtH^ 

^•4)-, <^«h ^^^4)-, ^-§-^, 71741^^^*1-, 7fljL^*l- 7l#ol ^^S]o] 7 fl«V 

£)JL H^JIL, MEMS^r ^^^.S 7l?4l^ #7]/#x}^ s.^^. 7V^1 Al^efl^. ojn] 

M-^-M- ^*iHl*r W3/W3/-fMl3/^l-«M s.^^. 7 >xl7l£ iE*V, MEMS^ «hE*fl 

^ ^^3l°l ^ofl ^7l# ^ ^Srtr 7l#S. ZL 3.71^ mm °]z>}, ^Jl nm o^o] ^ 
^olcf. nfol aS 71-^c. n >ol3^ ^.a]^ 7 |^|^ ^ ±g ^ =L ±t g 7] ^ ^-^o| ^ 

7l#^r clwHi ^1S 7l#<^l 71 711 ^H^l °1^ 

^ -^-^^l-^^ (bulk micro machining), .Sl^ 7H^ (surface micro machining), ^S^^l cJ-<# 
3^ 31 LIGA(Lithographic Galvanotoming, AdtormingX^}*] , &7}S. 

^*§^)J§-°] 9X^. MEMS 7}<k-& 4^7l^olj7 ( o)sL Ali^^.^ (System on Chip; 

SoO^l ^#£r ^12:^1#^- °>#ol Al^-g- S^fe ^Jol o>v1 #5folojE 7 > 5g _2.tr ^SHM 
^(application)^: ^^§>J1, H^l ^Tfl _g- ^ y}^^. 4^*1*1 

M-7>7ll SH, cf^ev a^a]^ ^£ SI 31 51-ola A>ol^(iif e C ycle)°l ^>^lfe 

D l2flsl Al^- *^-oii ai^i cfl-g-^- ^ o^Tll sl^^f. °1 &l tr 7l^ 7fl^& ^l^^^ol 
°1^, IP ^ Mtt M ^71-SlcfjL S>^cf. nl^-o) ^o. IBMo] 7 -pg. ^ i^jo. ^jt. ol 
O- 1 *!, Univ. of Cal iformnia^l- Texas Instrument 7} ZL ^-^.JL ^cf. cfl^-^-Sl ^€^-^1^ 

D l^", ^-^^1 70% °1^M: *V^1«V Jl ^cf. 

22-5 



1020030049462 
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MEMS 7l#£ 7)#S1 Hl^fe 7l#o]ji i IP7 > ^^^o] ^ 

7>^<y * r €3 =-^7> <^M. 1991\a^-Bl 10^-^^ 250^«a^r 1"^ 

= €-E]<H Al^j7 ( uj^-oflA^ 2)5- l0c^^^«.Ei n] ^-4^-71]^ 

(NSFHH *1^3 o.s. MEMS <2^» &i=r. -R-^HHtt -fr^^^l^ ^^^7># Tfl^ 

s>ji oflvj n]^ 5000^1-oll^ 2^1-^1^ MEMS 7l# 7fl^l ^-^>sr>ji sa^K cf^^ 

MEMS £-°># RF-MEMS 3*>€ Sl^l 7l#^ MEMS 7l^-§- oj-g-^- c]*}©!^ ^-g-ofl 

7># #-g-:sJ-7> ^-o> s ^o] ^s}ji ojcf. 

£o>£] ^S]^^ ^2H1 ^i^l '^Oflti}-^ ^ ^.AlHj-^lO] j^ZjL 

7> ^tHsqjI o1j7 ; ^-^oj^^-Al «-o)i=. ol g\ jl^ofl 7 ].^. w-oj:^ -g-^*V >t^o] o] 

^-^^^7 olcf. ^-^-ofl rtfej-A-] JH^s)- t^o] ^_g_S}7fl Sl^ZL, _H^5HH ^^J- 

RFC Radio Frequency) ^ ^ ICS. -gr^U 
CMOS^r ^fl« °l-§-tb ^-^AV^nj- ti^^A-} v}^) 7}^- y]^o] igj^^-ofl 

#-§: ^l-g-sH ^7>^5)-sl ^ 5>i-g- o>^^ SoC^l 3* A]>,Eflo) -t_v 

sl^H Bi-CM0S^ «r 0 l#eKBi polar) 4^A$\ CMOS i4t 71^^] ^X\d\] 

y r°l#sf rt7l- 7fl S# ^el^H siGe ^flS-S ^>-§-^^ uj-oi^aj-^ CM0S ^\9\ ^ 
<r Sl^r 4i7.1-7l #5.^ ^ 3^ aj^s aV£^] 7l^ofl SiGe 7l#^- c^H ^17]^ 
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RF IC<Hl CMOS ^t}7) ifltr ±x\7\ ^eHi}. ^ 

4= S.*] (standard logic) ^-§- °l-8-*lH^ RF IOIH ^^fe- QCQuality Factor: 

# ^-i- *r , S}-SL<5}7l =-4* ufl^olH ^5)^ 7)^7^ ^ 

* #°l^r ^4 7)^o_ S -f-*Hf ^ ^^-(eddy current) ^ ^(displacement 
current)^ #^o> *Ha, <y^E|5. -M-Mfe- =-4f£| £$ ofl ^ ^-g- 

B]S r ul, ^EiS] til ^ ^tt -f}-E^}cf. lflSfaJO.S ^l^Ei^ ti]^^ *] 

s-o. ^ oi^^ ^ # o} 1/3 ^ £7 |. ^^^>ufji <£3^ ^cf. nelcll, ^]^Ei# ^^^>7l ^ 

H=th El(turn)^7> ^^ofl rcfel- <a^^i^ ^7>£)x)o> #^3E^- o]^o) 71 

-^(Ji^ 5.5) ^MH^ ^-i^Vcf. ^, f^H trfs oici^li^ ^ 7 >^-j±cf 

7l^ ^A}^7\ ^7}S\o] M£7} 3Hnf. S*V 5# Oj^-o] CMQS ^- 

^l^Ei T^V-g. f7}A)?J ^£ Satf, °1 7]## ol 

RF slJL^H ^-g-s]^ cfl^e] ^l^€^(~10nH ^ *}-)-§- 31]] = (bond pad) 3.71 nj 

<?V°.S ^ &>fl ZLE}i4, o] 7fl ifl a] ^ 7 >S. ^ ^ 

^^-^r ^^c]], ol^E^ *}7l ^-(magnetic field)o) ^d\] v%e±x] 7}^ $-5.5)^ 

^^-(eddy current)^ ^^Eifif a}o]o\] ^^}^ 7)^ -f-^^ ^E)^- 7)# 

—5- ^^-^ ^^1 ^^-(displacement current )7f ^-^£5] ^^^rf. s^-^-# oV£^H1a^| 
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GaAs 7}#-& 7l^r ^^-l-(resistivity)ol «V^<g^ (semi-insulat ing) 7} 

#°]7] 7}&^°) 7)^ ^^-ofl t^A^ 7^ §-^7> #*1°>, ^e)^ 7l^)A^ 

^(digital circuit)^ RF 5)S(circuit)7> ^^>7l <H3-£r J&ifro) r£ 

^ 71^4^ 31z)-%2) 7)&°M SOI (Si 1 icon-On-Insul tor ) 

^3 7)#-§r A>-g-^ 7]-£L^* A>-g-*>^- ttj-^o) SOI 31 Z\^6%X] J: 

47} 2*1 ^ 1GHz Jl-n)- cfl^ofl^ 71 jL2f 7 > ^JlS. H-Bf^C-fl, o]^ 

SOI nfl^ ^^-^ ^-v\]7\ <amo S 2000~5000Aol7l ^S-ofl ^s). cfl^^l 

^s](isolation)Al7l7l ^ ^_S.tr Jf-*fliLt} *|-,g- ^ ofl ^tr^r. ^ N-H^§- °l-§-tr 

7>^.^ol s^^ol^nV, Al^Efl Z] }»»o) x£^X\?]x] S.^>J7 oltf. =LB\jL, ^Eil- # 

Sth °}^°\) ZL^=#(ground layer)^- 71^-sfo) T^ig-g- 

# PSGCpatterned ground shield)*^ tr^f. PSG# °l-§-tr Sl^S] ZL = f^S} 7 ] 

4i^-*>Jl, ^H^(mutual) ^rflSj-^H fr^f. 
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^ 3X7) nfl^-ojcf. 

<17> Afl^j, 7>^$ -2- ^^C> ^, aj^-g. ^sll 

o> ^M", ^©1 uJJjL ?]x]x& o]^Ei ^7># -B-^>ul O}^ 71^ 7fl3flA|El^» 

<is> vfl^l, ^(hollow) 3 ^]^E^7> n^s^o) ol* ^-sfl ^ ^(eddy current) 

JL4(M17]&] a. tS#^)^- ^ ^71 nfl^-ofl ^ (inner diameter )o] ^ 3-^ 

<19> t^*)), #£r^7 r ^7H>^ ^^Ei^ ^7H>J1 Jl^7> f7M<^ 7l 

<20> o)e^ °)Si\o\) v] 711-^ (decoupling) nfl-g-°l] °J^Ei S}^] B 31*11- 

<21> ol^Kg- ol^E^ofl cfl^- ^tiV^ol A>* 0 H1 tflsj-a} 7 )^}<%JL ^ HflAH ^-g-^^ 

o]oiEi ^ «o v ^* £ Ka) ^) 5. 1(c)* ol-g-^ z}^3\. ^-cf. 

<22> £ !( a ) tfl*] J£ l(c)^ #Efl^ tiVE^ll ^l^E^ ^2: « 0 ^* ^^7} ^ 

i£>«-ltr ^-^£01x4. 
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£ 1(a)* %^}^, ^3^7} *V^] 7l^r(ll) ^°\] f L > ^^(m* 

^^^-(12)5] <$<*^r *\^Z}<^ 71^(11)^1 <£«-g- 

£ Kb)!- , #*fl S^V «oM^(13) ^ ^l = #(l4)-8: ^^tb ^ B 

£ l(c)^r CMP ^-g: ^j*H ^#(15), ^1 = ^(14) ^ ^.AV w o V^nV(13)^- <£n}^-o. 



3}*fl, 2~3^1 ol^-o] ^l^L tg^S^-fl, oj^Tfl ^cguV^. 

W^fl , ^ ^*<H ^-§-s:}Jl ^7]£^- ^-g; o]Jg.tQ- ^-o ^ 

7} ^o) fo]7H , ^ ^(conformal filling) ^ *b ^]^E^ ^^^«\] ^ iL 

3£ S)sflo|: § A}^ ^^Ojcf. 



22-10 



1020030049462 #3 2003/10/14 

a>s}- 5fe ^b]^ ^pf^ Al^oi u)^. _£.efl ^ -a^* ^^8: 



-g- ^-^^r M-ic 5}-El#(nano particle) ^e) ^--fr^l -g-«2« lEfe ^s] 

€(spin-on force fill) t 1 ^* "ti^M Sl^B)* ^Aj-g-o. 

14^313.^*1 (riano techno logy) Q MEMS 7l^ -§-^-§- ^ RF-CM0S 4i*r# 7fl^ ^ u> 



<^ ^oil rtj-^- tiV^^l 4i7>o] o]^ ^ ^ c. ^ 27 }. ^Aj£ 

«VE*11 Aj-a.0]] *j| l #%^-Qr ^ ^7} alS^l 71 ^^o] ^#51 Aj- 

71 ^1 l ^E-i^Kr ^Tfls}-, M-^ ^ <yA># ^--B-tr -g- 0 -^ o]-g-*V A^-£ 

^ ^aj-^J7 ^ol^l -^-g- ^Al*V 3f -^-g- ^Al^C^ AV 7 ] ^ E ^ £ ^ 1 

1 ^ ^"71 Afl 1 1^7> sflEi^Hr ^3:^1^-, ^7] ^± ^ 

21 0 J^l-# «-Fr*r -g-^^- °1 -§-*!- ^-£r y o v ^AS ^el# f^fji Hfloi^i ^a]^ ^ 
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^ ^-i- ^*1*H 2 AHi 2 ^-BJM: ^*Kr #31^, #7l 

^ cf^ aJa] o}H t4€- #5131 4i*}<5} <y^B] t&q ±^<*\ ^.^ 7} 

-2. tiflol^l -§-Aj-g- AjAl^V * ^-g- AjA^}-^ A o V 7 j sflE^^ 1 1 

^*Rr ^^1^, ^Sl 2 ^ ^"71 1 ^ Aj-71 

1 ^E]f^ ^^-7> 3X)]Ei^^ #7fl2h Aj-7] ^ ^T^S oj-g-^V ^-g, Wj-^O. 

S. ^e]-|- JL aflo]^ ^j-fc AjA^ ^ ^Aj-|- ^Al§><^ 3flE^^ 2 A> 

0 l°fl *H 2 ^#^8- ^*Rr ^1^, ^-71 ^ 1 ^ 2 ##^§- *ll7i*Rr ^31 # if-^H 

^ ^"^^ £4^ -M^l ^ tiV5L^l ^74°] oj^Ei igAj Hj-i^ ^^o) ^2-7]. 

^ ^71 1 #%^Kg- aflE^Kr ^7?)2f, M-ic: 5j-El# ^M^- S~ <£^M^ 

1- ^l-g-tt i^-gr ^fj t^l^ ^^Jl Hfloj^l AJa]^ * AJa)*> 

°i ^"71 5flE|^^ 1 ##°H1 *fl 1 l^lw^-a- ^ ^ ^ ^T^, Ai*fl ^ ^Lofl ^] 2 

^t D -}|- ^S^tb ^ 4 V 7l 1 ^ Aj-7] ^1 1 ^n)^-^o^ cgw 7} ^s)^ 2flE-1^§> 

^^fJl WIH^ ^Al*V ^1 O^^ ^-Aj-g- ^A}^ 3flE^^ ^ 2 ^51" A> 

^1 2 iH^l^-g- ^-Tflfif, ^-7) ^] 1 ^ ^1 2 #%nSr ^}7]S}^ ^.^]# if- 
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<34> o]s\, -g- e^-g- 

<35> £ 2(a) £ 2(e)^ ^<H] 4^- RF-MEMS» °]-§-?r 3*>€ ^ hJ-^^- ^ 

<36> £ 2(a)!- %^^V i a, ±^3] ^ll-lroi CMOS ±*}7} alS^ 71^(21) #-8f 

°11 ^ 1 ##^(22)-g: ^^4. °M, ^1 1 ##^(22)£r «HM ^>2f ^-<Hl <§^€ 

Ti^nJ-^o^ ^Ol^. ^Aj^c-,^ ^j=l ^}q). o}&b\°\ 100A~500^ u^* 5> 

sr>^ aV£*)l 71^(21)^ ^ <$<*o) ±^s\5L^ i ^n^(22)^- ^E^tr^f. 
<37> JE 2(b)* fe^, ^^Vl- ^-B-*V -g-o_H H - zp.^ ol-g-^V 

€(spin-on force fill) « 0 Vl £°-S. ^ i #^(22) x>o]oi] *\] i 

(23)* ^^W. <^7H, ^^.^^ ^(spin-on force fill) *&*£°-3, ^e)* 

^^>Ji tiflol^i -^-g- ^AltV ^ <^±. -£-^]7HH ^^1^ ^ ^ ^ e]#s 

1 ^^(23)* D H^*f^ °1^M1 *H i*}^ ^E^Hl oflo^ 

(airgap bridge)# ^l^th^f. 
<38> <^7)*}, q-i^ s)-E]# ^p-El <£*Kr l~20nm^ 3.7]% £^ *vq-. nel^L, 14^ 34 e) # 
^ °d^>l- ^--R-tr -8-^ ^E] #^)^r -10~100°C^ -g-S^A-] I00~5000rpm£] # 

^^r^l, ^Kl-lOsecHHrr 5000rpm JL^-^S. f^trtK 
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<39> HI] o] 3 200-500 TC^| -£r^2\- ^ -g-^7HH ^ *}^c-fl , ^o]^ tfcf^l 

^A]^- ^ olcf. ^eflo} wfl o] ?J o. 200 ~ 500 M *V ^£ 

oflAi ifl*} lO^^V M\)o)yQ^ ^A]^ ^°H, cf^Tfl i^o} Wflo]^ ^-^o. 

200~500°C^ <*|e-i ^E^Ui 1^ vfl^l 10-g-g^ «1H^# ^*l*Rr W <MH^. 

^, afl °1 ^ ^^^1 «i ^71^ 3-§-*Rr o>s^( 0 -95%), ^Sl- 

(0-95%) ^4 ^ ^± ^ 71^11- o]^>^ ^ 

<40> ZlSlJl, uflol^i eg- Jp. <g^^ 200-500°C^l ^ri ^-^7]^a^ 

10-g-g-^ ^l^r^l 0.1-100MPa^ #3.2.5. *><^ *1 

curve)^ ©l-g-tt 9X°-^ , 1-103 al^-^. ^ ^ <4^3l «^l-g-*H 

7>r±:l- ^ ^S]* ^ 1~10S) ^^Cf. 

<4l> £ 2(c)!- #S*>^ , ^o\] ^1 2 ^-^(24)-ir ZL^ZL, ^sf^ °1 

&B\°) #-&^°\) nj-Hl- *fl 1 ##^(22) ^ ^ 1 #(23)^1 <H-f 7> ^#£]£S- 3^ 

<42> £ 2(d)# t25}?l , U}^4^# ^5] OJ*># ^-B-tt -§-°J] SE^ ^ Ol^-tb 

^£ri^ s] (spin-on force fill) H J-^-°-5 ^E^^ *]} 2 ^^-(24) >M-°H 2 ^e)^ 

(25)* <^7lAl > A^^A ^ yJ-^O. ^o||^ y}5} ^ JZf^O.^ ^Alfl-Cf. 

<43> £ 2(e)» %^^>^ , <HHJ±iM*ifi}. •a^E^l ^^s]^ oi^ ^| x ^ ^| 2 ^-^-^-(22 ^ 

24)* ^ItH^H RF-ffiMS 3x>^ <?]^E^1- ^11 1 ^ ^ 2 ^sV(22 ^ 
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24)* ^| 71*1-71 o}^6\] o]^ ^-g- ^Al^dl, o]^ ^JQ- 50~500 Q C^1 ^S^H 1-g- 

^fl*l 5^m^<^ ^^1^, 0>5^- j ^ igci^ ^nl 7]-^ ^7HlA-l ^Al^-Cf. 

#7HH ^LSl^lM- tl^^l* ^ ^ ^ ^S]# ol-g-^OuK ^nl^ ol 

-g-^- ^£ $14. SEth ^Al ^HIa-1^ RF-MEMS* °l-g-*H 3*HJ ^*Rr ^.g. 

2\}a\z}<%°.^, 3*>€°1 °r\I <=f€- Sl^B| ?27} aj-8-3fe RF-CMOS di*H)£. ^-§-€4. ^ 
^ o. 3^.0} o]^^ ^ofi^ h_^^] # « o v^ ol rf-cmOS ^>^1 Sl^Bl* 

[^sl Jl41 

^ol ^ofl o}*}.^ t+i- ^3 s^-tCnano Cu particle) S^r # 
T^l* °l-§-tr i^^rli €(spin-on force fill) n 2 "^* ^ti^H ^l^Ell- H^}*r 

7^*>7ll tVcf. str, <Hb1-§- ^ €• #* r S. <?ltr CMP <Hs] -§-,§- 

^ , CMP *3 ^l^t ^l^Bl ^ al-g-* a 7 l^o.s #«J ^ $X^-. ^Jl, 

*3 #°1^L ^3^J1S*| 3*H1 $133* -g-ol^Tl] ^^0_ S *| 7l 7l^<HM 

•3.^3 fe" fe^: f^^S ^>o] 7 fl«>ol 7>^-*Vrf. 
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[$^* 1] 

^2i7} «>-£^l 7)^; ^ofl 1 ^7} a>£^ll 71 ^ 

M-ic ^s] <y^>* f-R-t!: -g-^* °]-%-& ^5l# ^#*>J1 aflo] 

*l*fl ^ *ll 2 ^nV^ ^^tb ^ ^-71 afl 1 ^ A o ]- 7l ^ ! 

-¥-71- ^#Sl5L^- SflE^H^ cfTll; 

#71 2l-El# ^Sl -g-«2fl^- ol-g-^J- « 0 >^ ^P-El!- ^^}J1 

wfl°l^ *3J* ^l^V ^ ^ *3-8: ^1*V^ *)1 2 Afoioii ^ 2 ^e)#-&- 

^*Kr ^1; 

A oM ^1 1 ^ ^1 2 *fl?1*Rr ^7111- Its}o) o]^ol^l ^ ^)o S ^ 

2 J 

1 Xi^A^ ^1-71 ^ sl-El# ^p-el <y*Rr 1 vfl^l 20nmSl £3.711- ^ 

* ^°.3L «V£^1 o]cjE^ 
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[$^* 3] 

*ll 1 &<>H, i+i^ ^e) <a^V» ^-t!: -g-<^£- -10~100r^1 f£^1 

100~5000rpm£l ^*}*r ^ S}^ i^>^ °l^Ei ^ . 

4] 

*H 1 9X°]*], -#7] «IM^ 200 500 M ^r£Sf ^ ^-^H^ 

^ ££^r 4^31 ^SLS. *H*Hr ^HJiLS. ^ ti>i^l ^ 

5] 

*fl 4 ^o^, ^V7l wflo]^ 200 ifl*l 500°C^ °\}=l 

*1 ^5^H 13: ufl^l 10-g-^<?> Bfl°l3J-§- *H*Rr ^ *Kr IKE^I ^l^E] 

[3^* 6] 

4 &°H, #7l cf^Tfl Hfloljg 2 00 vfl^] 500°C£| 

ino,]^ 12, Ufl^ lO^^V Uflol^l^ ^A]s>^ ^-g; ^ «V£^1 dM-^ al^Ei 
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7] 

*0 4 * 0 H1 &°H, Hflo)^ ^-^aI ^ ^7l^ ^±.&& aj-8-«Hr 3-?-, 

o>5^(0-95%), ^^54- (0-95%) ^-4 ^ ^ ^ 71311- °l-§-*Hr 3* £-%*}^ 3 

# ^HJilJL ^ «V£*ll ^>^1 ol^Ei ^ u o V ^. 

8] 

*0 1 ^Hl &<>H, o]t£ 200 tfl^l 500°C^1 ^ ^7HH 12: vfl 

*1 10-g-g^J ^1^*1 o.l tfl^l lOOMPa^l °J-a|-g. 7}-s}±r 3# ^SLS. f>\^ *V5Lz\] 

m^ty 9] 

*fi 8 %H1 &*H, #7l «a-^^r nfcj-^l ^ A>o]7lti(sin curve)^JL 

3. 1 ifl*l 102] oV^-sV^ 7}*}^ 3J-g- ^^°-S. «KE*fl di^>2l ol^Bl ^ ^ . 

10] 

*fl 9 * 0 H1 5a , ^71 ^-<y ^ ^ t}^] ^# °l-g-*H <y-^-§- 7>*>^ ^-f ^ 

7>^ ^ ^tJ- 7}if ol-g-^ o. «^ tiV£3] ^7>51 OjclE-) ^ uj-aj . 
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11] 

^ ^-fr *>Tr ^* 1 105] «H^}^r 3* ^ *&3E*|| oj^Ei ^ 

[3^* 12] 

i ^-71 ^ i ^ 2 ^-^-^ A^\y) 

tt #31* S^*Rr 3* ^^SLS. «KE*ll 4i7>^ ol^Ef ^ « C V^ . 

13] 

*ll 12 -%o\] SJi 6 ]^, A o V 7l 50 vfl^l 500 M ^JEolM l£ *fl*l 5^1^^} 

[^T 1 ^ 14] 

7-^7} tg^S) 7]# #-?-6)| X|| 1 ^^j. j£ Aj- 7 ] tiV £ ^] 

^ ^°1 2n#£)3E.^- ^7} z\) l sflEl^eRr #31; 

^p-e) °l-g-tb ^-S- ¥3-1- ^^V^L yfloR 1 ^-i- ^AitV ^ 

^7l 341 *)1 1 ^^Hl ^ l ¥e]^,g- *g>g*Kr #31; 
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*I*H -S-¥-^ ^ 2 ^J-^-g: ^ #7] X] 1 ^ a o v 7 i xj ! ^-e)#sl <U 
^7} ic#£]£^- 4|| E^ 5}^ ^1; 

#7l ^ ^^1* oj-g-^V ^^-2- ttj-iaj 0_ S f^>ZL Bflol^J ^-g- ^AjtV ^ 

^-71 Xl 1 g Xl 2 XM*Hr #711 « i#«H ol^^l ^ s^og. ^ tij 

[3^8" 15] 

±%Si\ ^27} #51X1 7}% <#^o\] Xl 1 * ^. 7 ] aV^^l 

l ih^i^-i- $^*H=- #31; 

#*il ^2: #Jf°fl XI 2 * ^-71 Xl 1 ^71 XI 1 IH^I^ 

C 1¥^T «1H^ ^^1*V ^ *HE^€ *H 2 A>o]ofl 

2 IH^Itet^ $^«Hr #31; 

>S-7l XI 1 * X] 2 XI 7i*Kr #31* if-^H 3# ^HJiLS *>fe- # 
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2c] 
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+ + + + -♦ 

t- + + + + 
+ + + + 

h + + + + 
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+ + + + 
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+• + + + + 
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